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A B S T R A C T

Purpose
Treatment decisions for patients with T1a,bN0M0 breast cancer are challenging. We studied the
time trends in use of adjuvant chemotherapy and survival outcomes among these patients.

Patients and Methods
This was a prospective cohort study within the National Comprehensive Cancer Network
Database that included 4,113 women with T1a,bN0M0 breast cancer treated between 2000 and
2009. Tumors were grouped by size (T1a, T1b), biologic subtype defined by hormone receptor (HR)
and human epidermal growth factor receptor 2 (HER2) status, and receipt of chemotherapy with
or without trastuzumab.

Results
Median follow-up time was 5.5 years. Eight percent of patients with HR-positive/HER2-
negative tumors were treated with chemotherapy. Fifty-two percent of those with HER2-
positive or HR-negative/HER2-negative breast cancers received chemotherapy, with an
increase over the last decade. Survival outcomes diverged by subtype and size, but the 5-year
distant relapse-free survival (DRFS) did not exceed 10% in any subgroup. The 5-year DRFS for
patients with T1a tumors untreated with chemotherapy ranged from 93% to 98% (n � 49 to
972), and for patients with T1b tumors, it ranged from 90% to 96% (n � 17 to 2,005). Patients
with HR-positive/HER2-negative disease had the best DRFS estimates, and patients with
HR-negative/HER2-negative tumors had the lowest. In this observational, nonrandomized
cohort study, the 5-year DRFS for treated patients with T1a tumors was 100% for all
subgroups (n � 12 to 33), and for patients with T1b tumors, it ranged from 94% to 96% (n �
88 to 241).

Conclusion
Women with T1a,b tumors have an excellent prognosis without chemotherapy. Size and tumor
subtype may identify patients in whom the rate of recurrence justifies consideration of chemo-
therapy. These patients represent an optimal group for evaluating less toxic adjuvant regimens to
maintain efficacy while minimizing short- and long-term risks.

J Clin Oncol 32:2142-2150. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Over the past two decades, the incidence of stage I
breast cancers has increased dramatically, and
these tumors now comprise nearly half of stage I
to III diagnoses.1 Between 1990 and 1998, there
was an almost 15% increase in the rate of T1 (0 to
2 cm) tumors in the United States, as assessed
by the Surveillance, Epidemiology, and End
Results Program (from 143.5 to 163.5 per

100,000),2 largely attributed to detection of non-
palpable breast cancer associated with screen-
ing mammography.1-3

Patients with breast cancer who have T1a,b
(� 1 cm) node-negative tumors generally have an
excellent prognosis, with breast cancer–specific
survival (BCSS) at 10 years exceeding 95%.4-6

However, outcomes for these patients may vary by
biologic subtype.7-15 Compounding this problem,
these patients have been excluded from adjuvant
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chemotherapy trials, which have resulted in uncertainty regarding the
true risks and benefits of chemotherapy.

Since 1997, the National Comprehensive Cancer Network
(NCCN) Breast Cancer Outcomes Database has collected detailed
tumor and treatment data on a large cohort of women with newly
diagnosed breast cancer presenting to many of its member institutions
across the United States.16-18 In this study, we examined time trends of
chemotherapy use in the last decade and outcomes of patients with
breast cancer with T1a,bN0M0 tumors by biologic subtype, size, and
treatment among women included in the NCCN database.

PATIENTS AND METHODS

Study Design and Data Source

This was a prospective cohort study performed in the NCCN Breast
Cancer Outcomes Database. Patients were included if they received all or some
of their treatment at a reporting center; those with one-time consultations
were not included. Eight centers contributed data to this analysis: City of Hope
National Medical Center, University of Texas MD Anderson Cancer Center
(MDACC), Fox Chase Cancer Center, Dana-Farber Cancer Institute, Roswell
Park Cancer Institute, H. Lee Moffitt Cancer Center, University of Michigan
Cancer Center, and Ohio State University. All centers adhered to the data
collection procedures and definitions developed by the NCCN Database,
which have been subjected to rigorous quality assurance.19

Institutional review boards (IRBs) from participating centers approved
data collection, transmission, and storage protocols. At centers where the IRB
required signed informed consent for data collection, only patients who pro-
vided consent were included; elsewhere, the IRB granted a waiver of signed
informed consent. An analytic cohort of 4,113 patients with T1a,bN0 breast
cancer was identified (Figure 1).

Key Variables

The database contains tumor information on tumor size, nodal status,
grade, lymphovascular invasion (LVI), hormone receptor (HR) and human
epidermal growth factor receptor 2 (HER2) status, as abstracted from pathol-
ogy reports. HR is considered positive if the estrogen receptor and/or proges-
terone receptor are positive. For HER2 classification, the fluorescent in situ
hybridization result was used, if available. If only immunohistochemistry was
available, 3�, high positive, or positive not otherwise specified were consid-
ered HER2-positive, and 2�, 1�, 0, or negative were considered HER2-
negative; 1% (n � 32) of the patients were positive not otherwise specified.
Tumors were grouped by biologic subtypes (HR-positive/HER2-positive,
HR-positive/HER2-negative, HR-negative/HER2-positive, or HR-negative/
HER2-negative) and tumor size (T1a [� 0.5 cm] or T1b [� 0.5 cm to � 1
cm)]). Patients were classified as having received chemotherapy with or with-
out trastuzumab or not. Six patients received trastuzumab alone. Tumor grade

was categorized as high (according to histologic grade or, if not available, by
nuclear grade) or low-intermediate. Data on race/ethnicity and comorbidity
score20,21 came from patient surveys collected at initial presentation to the
NCCN center. The following variables were abstracted by chart review: age at
diagnosis, drug treatment, type and date of recurrence, vital status, and cause
of death. Vital status and cause of death were also confirmed by using the Social
Security Death Index and the National Death Index, current as of December
31, 2009. Invasive disease-free survival (IDFS), distant relapse-free survival
(DRFS), BCSS, and overall survival (OS) were defined as time in years from
diagnosis to date of death or last known vital status or recurrence (Appendix
Table A1, online only).22

Statistical Analysis

Descriptive statistics were used to characterize the clinicopathologic
and treatment characteristics. The percentage of patients who received
chemotherapy with or without trastuzumab was calculated by subgroups.
The Cochran-Armitage trend test was used to test the receipt of chemo-
therapy with or without trastuzumab over time. Estimates of 5-year sur-
vival were calculated among subgroups by using Kaplan and Meier
estimates for OS, BCSS, IDFS, and DRFS. Besides stratification, no further
adjustment for other clinicopathologic features was performed because of
the small sample size of some subgroups.

Sensitivity analyses were performed. First, we included patients who did
not have follow-up at the NCCN institution in the first 365 days after diagnosis
(n � 589; Appendix Table A2 [online only] presents deaths and/or censuring
among these patients). Second, we excluded the patients treated with trastu-
zumab only (n � 6). Finally, for patients with HR-positive/HER2-negative
disease, we also examined the impact of grade on outcomes.

All P values presented are two-sided tests of statistical significance at .05.
All statistical analyses were performed by using SAS 9.3 (SAS Institute,
Cary, NC).

RESULTS

Characteristics of the Study Population

Median follow-up time was 5.5 years (range, 1 to 13 years).
Baseline clinicopathologic characteristics differed by subgroups (Ta-
ble 1). As expected, compared with patients who received chemother-
apy with or without trastuzumab, patients not treated with
chemotherapy or trastuzumab were older and had more comorbidi-
ties. Moreover, fewer patients treated without chemotherapy with or
without trastuzumab presented with adverse prognostic features, such
as HER2 expression, high grade, and LVI.

Nineteen percent of patients in the analytic cohort were deemed
lost to follow-up (defined as � 2 years without a contact at an NCCN
center). Age and year of diagnosis differed by group (P � .001). How-
ever, no other significant differences in patient or tumor characteris-
tics were found between those lost to follow-up versus others (data
not shown).

Treatment Characteristics and Time Trend in the Use

of Chemotherapy

There were striking differences in chemotherapy use between
tumor subtypes (Appendix Table A3, online only). Chemotherapy
was rarely administered in patients with HR-positive/HER2-negative
tumors, and their pattern of care was unchanged over the last decade.
In contrast, a high proportion of patients with HER2-positive or
HR-negative/HER2-negative tumors received adjuvant chemothera-
py with or without trastuzumab, and there was an increase in the use of
chemotherapy with or without trastuzumab among patients with
HER2-positive and in patients with T1a HR-negative/HER2-negative
tumors over the past decade (Table 2).

Final cohort
(n = 4,113)

Pathologically confirmed
T1ab N0M0
(n = 5,014)

No information on HR and (n = 312)
  HER2 status
Received care at the NCCN (n = 589)
  institution for less than 365 days

Women with newly diagnosed unilateral breast cancer Stage I-III 
breast cancer who were diagnosed and presented for their care at one 
of the participating institutions between January 2000–December 2009

(N = 24,931)

Fig 1. Flow diagram of patient population. HER2, human epidermal growth
factor receptor 2; HR, hormone receptor; NCCN: National Comprehensive
Cancer Network.
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Table 1. Patient Demographics and Clinicopathologic Characteristics for T1a,bN0 Patients With Breast Cancer, NCCN 2000-2009

Characteristic

T1aN0 Patients With Breast Cancer T1bN0 Patients With Breast Cancer

No Chemotherapy or
Trastuzumab
(n � 1,197)

Chemotherapy
With or Without

Trastuzumab
(n � 102)

No Chemotherapy or
Trastuzumab
(n � 2,205)

Chemotherapy
With or Without

Trastuzumab
(n � 609)

No. % No. % No. % No. %

Age, years
� 50 325 27 60 59 437 20 278 46
50-60 394 33 28 27 651 30 211 35
60-70 296 25 12 12 614 28 105 17
� 70 182 15 2 2 503 23 15 2

Method of detection
Abnormal screening mammogram 957 80 57 56 1,705 77 349 57
Symptoms 177 15 36 35 423 19 230 38
Other/unknown 63 5 9 9 77 3 30 5

Race/ethnicity
Non-Hispanic white 1,012 85 72 71 1,908 87 501 82
Non-Hispanic black 71 6 12 12 97 4 31 5
Hispanic 48 4 9 9 106 5 39 6
Asian-Pacific Islander 42 4 7 7 63 3 23 4
American Indian 2 � 1 1 1 4 � 1 2 � 1
Unknown 14 1 1 1 19 1 8 1
Other 8 1 0 0 8 0 5 1

Comorbidity score�

0 910 76 94 92 1,550 70 503 83
1 159 13 5 5 388 18 66 11
� 2 128 11 3 3 267 12 40 6

Year of diagnosis
2000 82 7 2 2 134 6 37 6
2001 76 6 5 5 175 8 46 8
2002 103 9 6 6 175 8 35 6
2003 92 8 7 7 213 10 59 10
2004 115 10 3 3 233 11 59 10
2005 146 12 16 16 269 12 67 11
2006 145 12 15 15 249 11 80 13
2007 140 12 14 14 228 10 74 12
2008 172 14 14 14 287 13 81 13
2009 126 11 20 20 242 11 71 12

Histology
Ductal 954 80 95 93 1,726 78 549 90
Lobular 100 8 2 2 153 7 24 4
Mixed 52 4 1 1 130 6 22 4
Other 91 8 4 4 196 9 14 2

Subtype
HR-positive, HER2-negative 972 81 12 12 2,005 91 241 40
HR-positive, HER2-positive 102 9 33 32 89 4 110 18
HR-negative, HER2-positive 49 4 32 31 17 1 88 14
HR-negative, HER2-negative 74 6 25 25 94 4 170 28

Grade
Low-intermediate 876 73 28 27 1,789 81 245 40
High 270 23 72 71 391 18 355 58
Unknown 51 4 2 2 25 1 9 1

Lymphovascular invasion
Yes 41 3 11 11 115 5 97 16
No 1,132 95 89 87 2,047 93 506 83
Unknown 24 2 2 2 43 2 6 1

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; NCCN, National Comprehensive Cancer Network.
�Grouped into values 0, 1, and � 2 per Charlson et al,14 and Katz et al.15
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Survival Outcomes

Table 3 lists the survival outcomes for patients treated and not
treated with chemotherapy with or without trastuzumab by tumor
subtype and size. In the overall cohort, the 5-year OS for patients not
treated with chemotherapy with or without trastuzumab with T1a or
T1b tumors exceeded 95%. The 5-year DRFS was 97% for T1a and
95% for T1b tumors.

Among patients with HR-positive/HER2-negative breast cancer,
5-year OS and BCSS exceeded 95% in both T1a and T1b tumors and
exceeded 90% for IDFS and DRFS, irrespective of whether the patient
received chemotherapy or not. Among patients with HR-positive/
HER2-negative tumors, those with high-grade tumors not treated
with chemotherapy experienced numerically lower DRFS (94%)
compared with patients treated with chemotherapy (98%), although

Table 2. Use of Chemotherapy With or Without �rastuzumab Over Time by Subtype

Year

HR-Positive/HER2-Negative HR-Positive/HER2-Positive HR-Negative/HER2-Positive HR-Negative/HER2-Negative

T1a T1b T1a T1b T1a T1b T1a T1b

No. % No. % No. % No. % No. % No. % No. % No. %

2000 64 2 127 12 10 0 18 39 2 50 6 50 8 0 20 60
2001 61 0 173 9 8 38 22 36 8 25 5 80 4 0 21 86
2002 84 1 169 8 7 0 9 33 7 29 5 100 11 27 27 48
2003 76 3 210 10 8 12 22 36 4 50 17 76 11 18 23 70
2004 93 1 233 10 9 0 20 40 9 0 16 81 7 29 23 65
2005 113 1 267 11 20 25 24 50 16 38 13 77 13 31 32 50
2006 117 1 265 15 15 33 18 56 12 33 8 100 16 31 38 61
2007 114 1 236 10 22 18 29 76 8 88 13 100 10 20 24 67
2008 150 1 299 9 19 37 27 81 6 33 15 80 11 27 27 78
2009 112 2 267 13 17 47 10 100 9 67 7 100 8 50 29 69
P� .851 .485 .005 � .001 .028 .038 .042 .551

NOTE. Six patients received trastuzumab alone.
Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor.
�P values were calculated by Cochran-Armitage trend test per year.

Table 3. Survival Outcomes of Patients With T1a,bN0 Breast Cancer, NCCN 2000-2009

Outcome

Patients With T1aN0 Breast Cancer Patients With T1bN0 Breast Cancer

No Chemotherapy or
Trastuzumab

Chemotherapy With or
Without Trastuzumab

No Chemotherapy or
Trastuzumab

Chemotherapy With or
Without Trastuzumab

5-Year
Estimate

(%) 95% CI

Total
No. of
Events

5-Year
Estimate

(%) 95% CI

Total
No. of
Events

5-Year
Estimate

(%) 95% CI

Total
No. of
Events

5-Year
Estimate

(%) 95% CI

Total
No. of
Events

HR-positive/HER2-negative (n � 972) (n � 12) (n � 2,005) (n � 241)
OS 98 97 to 99 38 100 1 97 96 to 97 111 98 94 to 99 6
BCSS 100 99 to 100 3 100 0 99 99 to 100 16 99 95 to 100 4
IDFS 93 90 to 94 96 100 1 91 90 to 93 211 95 91 to 97 14
DRFS 98 96 to 99 41 100 1 96 95 to 97 124 96 92 to 98 9

HR-positive/HER2-positive (n � 102) (n � 33) (n � 89) (n � 110)
OS 95 88 to 98 5 100 0 95 88 to 98 8 99 90 to 100 3
BCSS 99 90 to 100 1 100 0 98 91 to 99 3 100 1
IDFS 86 76 to 92 13 100 0 86 76 to 92 17 90 81 to 95 8
DRFS 96 89 to 98 5 100 0 94 86 to 98 10 96 88 to 99 5

HR-negative/HER2-positive (n � 49) (n � 32) (n � 17) (n � 88)
OS 93 79 to 98 3 100 0 100 2 95 86 to 98 6
BCSS 95 81 to 99 2 100 0 100 1 96 89 to 99 3
IDFS 84 69 to 92 7 89 70 to 96 4 68 40 to 86 6 94 86 to 97 9
DRFS 93 80 to 98 4 100 0 94 63 to 99 3 94 85 to 97 7

HR-negative/HER2-negative (n � 74) (n � 25) (n � 94) (n � 170)
OS 94 85 to 98 9 100 0 91 82 to 95 14 96 91 to 98 7
BCSS 95 86 to 99 5 100 0 95 88 to 98 5 98 94 to 99 4
IDFS 86 75 to 92 13 91 68 to 98 3 81 71 to 88 25 88 81 to 92 20
DRFS 93 84 to 97 10 100 0 90 81 to 95 15 96 90 to 98 8

Abbreviations: BCSS, breast cancer–specific survival; DRFS, distant relapse-free survival; HER2, human epidermal growth factor receptor 2; HR, hormone receptor;
IDFS, invasive disease-free survival; NCCN, National Comprehensive Cancer Network; OS, overall survival.
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the absolute difference, even in this high-grade subset, was small
(Appendix Table A4, online only, and Appendix Fig A1, online only).
For patients with HER2-positive tumors, the 5-year OS and BCSS
were similarly high, and the 5-year distant recurrence rate did not
exceed 7%, albeit with wide CIs for the HR-negative/HER2-positive
subset, given the small sample size. The 5-year DRFS for patients with
T1bN0 tumors who did not receive chemotherapy or trastuzumab
was 94% for both HR-positive/HER2-positive tumors (95% CI, 86%
to 98%; n � 89) and HR-negative/HER2-positive tumors (95% CI,
63% to 99%; n � 17). The 5-year DRFS for patients with T1b tumors
who received chemotherapy with or without trastuzumab was 96%
(95% CI, 88% to 99%; n � 110) for HR-positive/HER2-positive
tumors and 94% (95% CI, 85% to 97%; n � 88) for HR-negative/
HER2-positive tumors. For patients with HR-negative/HER2-
negative tumors untreated with chemotherapy, the 5-year DRFS for
T1a tumors was 93% (95% CI, 84% to 97%; n � 74) and for T1b
tumors was 90% (95% CI, 81% to 95%; n � 94); however, in one of
the sensitivity analyses, this point estimate for T1b tumors was 86%

(Appendix Table A5, online only). The 5-year DRFS for treated HR-
negative/HER2-negative T1a tumors was 100% (n � 25), and for
HR-negative/HER2-negative T1b tumors, it was 96% (95% CI, 90%
to 98%; n � 170; Fig 2). Additional results of sensitivity analyses were
similar (data not shown).

DISCUSSION

Over the last decade, among patients with T1a,bN0M0 breast cancer
treated at academic centers geographically distributed across the
United States, there was an increase in chemotherapy usage for pa-
tients with HER2-positive or T1a HR-negative/HER2-negative breast
cancers. Across all subgroups, these patients experienced an excellent
prognosis, with the 5-year distant relapse rate for patients with T1a
tumors untreated with chemotherapy ranging from 2% to 7% and for
patients with T1b tumors from 4% to 10%; patients with HR-positive/
HER2-negative tumors had the best prognosis, and patients with
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HR-negative/HER2-negative tumors had the lowest outcomes esti-
mates. For treated patients with T1a tumors, there were no distant
recurrence events at 5 years, and for T1b tumors the 5-year distant
recurrence rate was 4% for patients with HR-positive and HR-
negative/HER2-negative tumors and 6% for patients with HR-
negative/HER2-positive tumors. This observational, nonrandomized
cohort study calls into question what type of treatment is justified and
appropriate for these patients.

In making decisions regarding adjuvant chemotherapy, the po-
tential absolute benefits of treatment must be weighed against the
treatment-related risks. Although the risk of death during breast can-
cer adjuvant chemotherapy is less than 1%, it is not absent, and there is
a non-negligible risk of hospitalization or need for urgent evaluation
for serious adverse effects related to chemotherapy.23,24 Other serious
and lasting adverse effects include cardiomyopathy, secondary leuke-
mias, and neuropathy.25-33 For example, for patients treated with
chemotherapy and trastuzumab, the cardiotoxicity rate in clinical
trials ranged from 1% to 4%, but population-based studies have raised
concerns that this may be higher outside of trials.25,26,32,34-38 The

absolute benefit of treatment is a function of the baseline prognosis
and impact of therapy on risk of recurrence, with size and biologic
subtype being factors in both.

For patients with HR-positive/HER2-negative T1a,bN0 tumors,
the 2013 NCCN guidelines indicate that a 21-gene recurrence score
can be requested to predict the benefit of chemotherapy, with chem-
otherapy to be considered in patients with an intermediate or high
score; in the absence of recurrence score data, consideration of chem-
otherapy is recommended. Our data, which demonstrate a less than
5% 5-year risk of distant recurrence in T1bN0 patients with HR-
positive/HER2-negative tumors treated without chemotherapy (89%
of patients with HR-positive/HER2-negative T1bN0 tumors in the
cohort), strongly suggest that further prognostic tests are likely unnec-
essary in the vast majority of such patients. In the pivotal studies that
examined the prognostic and predictive role of the 21-gene recurrence
score among patients with HR-positive/HER2-negative node-
negative breast cancer, the proportion of patients with T1a,b tumors
with high recurrence score was only 16%. In addition, among patients
with low-grade tumors only 5%-12% had high recurrence scores.39,40
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These data complement our results and suggest that the default treat-
ment in patients with T1bN0 HR-positive/HER2-negative breast can-
cer should be endocrine therapy alone and that molecular predictive
testing beyond standard pathologic examination is not generally re-
quired in such patients, unless there are other high-risk features of
concern (eg, a combination of features such as young age, high grade,
and LVI). Notably, in a secondary analysis, the 5-year DRFS in
T1a,bN0 HR-positive/HER2-negative high-grade tumors untreated
withchemotherapyisstillquite favorable(94%),evenif lowerthanthatof
patients treated with chemotherapy (98%), and among patients with
HR-positive/HER2-negative tumors with low-intermediate grade, pa-
tients untreated with chemotherapy had a 3% risk of distant recurrence.

The situation is somewhat different in patients who have HER2-
positive tumors for whom the potential benefits for therapy among
these subsets and the variability in prognostic estimates have resulted
in uncertainty on the appropriate threshold for adjuvant chemother-
apy with or without trastuzumab recommendations, with a steady
evolution of the guidelines. Before 2003, NCCN guidelines recom-
mended adjuvant chemotherapy for tumors more than 1 cm in size
and/or with nodal involvement. In 2003, guidelines recommended
adjuvant chemotherapy “to be considered” for patients with moderate
to poorly differentiated T1bN0 breast cancers, regardless of subtype;
in 2007, this was adjusted to encompass HER2-positive tumors, and
since 2008, this recommendation has also covered HR-negative
cancers. Finally, since 2010, the guidelines have recommended con-
sideration of chemotherapy and trastuzumab for patients with HER2-
positive T1bN0 tumors.41

The MDACC, the European Institute of Oncology (EIO), and the
Kaiser Permanente Northern California (KPNC) group reported the
largest experiences to date among patients with T1a,bN0M0 HER2-
positive disease. The MDACC analyzed the risk of recurrence among
98 patients with T1a,bN0M0 HER2-positive disease who did not re-
ceive chemotherapy or trastuzumab and reported a 5-year recurrence-
free survival of 77% (95% CI, 67% to 85%).10 In contrast, in the EIO
series of 150 patients, the 5-year disease-free survival was 92% (95%
CI, 86% to 99%) in patients with HR-positive/HER2-positive tumors
and 91% (95% CI, 84% to 99%) in patients with HR-negative/HER2-
positive tumors.9 Approximately one third of patients in this series
received adjuvant chemotherapy, most of them with HR-negative
disease.9 Finally, in an unpublished series of 237 patients from KPNC
(116 T1a and 121 T1b), the 5-year recurrence-free survival was 96%
(95% CI, 90% to 99%) for patients with T1a tumors and 91% (95%
CI, 83% to 95%) for patients with T1b tumors. Twenty-five percent of
those patients received adjuvant chemotherapy, and 9% received ad-
juvant trastuzumab.8

Our series, which included 520 HER2-positive patients, revealed
a low 5-year risk of distant recurrence among untreated patients;
however, given that most patients with HR-negative/HER2-positive
tumors received chemotherapy with or without trastuzumab, the
sample size for the untreated subgroups is small, leading to point
estimates for recurrence in untreated patients with wide CIs. For
untreated patients with T1aN0 HR-negative/HER2-positive tumors
(n � 49), 5-year DRFS was 93%; for untreated patients with T1bN0
HR-negative/HER2-positive tumors (n � 17), 5-year DRFS was 94%.
Among patients with HR-positive/HER2-positive tumors untreated
with chemotherapy or trastuzumab, the 5-year DRFS was 96% in T1a
(n � 102) tumors and 94% in T1b (n � 89) tumors, which may be

impacted by the use of endocrine treatment (85% received endo-
crine therapy).42,43

Finally, despite the historical association between HR-negative/
HER2-negative breast cancer and poor outcome,10 in our series, these
patients fared well overall, with 5-year OS of 91% to 94% in untreated
patients and 96% to 100% in treated patients. Among untreated
T1aN0 (n � 74) and T1bN0 (n � 94) HR-negative/HER2-negative
tumors, the 5-year DRFS was 93% for patients with T1a tumors and
90% for patients with T1b tumors, albeit with wide CIs and with a
5-year DRFS estimate for T1b HR-negative/HER2-positive tumors of
86% in one of the sensitivity analyses.

Overall, among patients with HER2-positive or HR-negative/
HER2-negative tumors, we observed numerically higher 5-year DRFS
in treated patients; however, formal comparison of outcomes between
treated and nontreated subgroups cannot be made, given that this was
not a randomized experience. We should note that there were differ-
ences between IDFS and DFRS estimates; however, we decided to
focus on DRFS, because we believe that this is the primary driver of
chemotherapy use.

Our study adds evidence to the understanding of clinical out-
comes by biologic subtypes, tumor size, and treatment.44 It provides a
starting point for estimating the baseline risk of recurrence among
patients with small, node-negative tumors to guide discussions be-
tween patients and providers. Our data support the overall excellent
prognosis across all subgroups; however, they also suggest that partic-
ularly those with larger and HR-negative tumors may derive benefit
from treatment. Above all, it highlights the importance of clinical trials
to identify regimens with a more favorable toxicity profile to improve
the risk-benefit ratio for those who opt to proceed with adjuvant
therapy and in whom the absolute benefits of treatment are likely to be
small. Examples of such trials include the APT (Adjuvant Paclitaxel
and Trastuzumab for Node-Negative HER2-Positive Breast Cancer;
NCT00542451), RESPECT (Evaluation of Trastuzumab Without
Chemotherapy as a Postoperative Adjuvant Therapy in HER2 Positive
Elderly Breast Cancer Patients; NCT01104935), and ATEMPT (T-
DM1 vs Paclitaxel/Trastuzumab for Breast; NCT01853748) clinical
trials. Finally, it informs future clinical trials; for example, combina-
tions of anti-HER2 therapy and endocrine therapy or of other noncy-
totoxic targeted only approaches may be appropriately studied in the
years ahead.

We had access to a large prospectively collected data set with
stringent quality assurance that drew from large academic centers
distributed geographically across the United States. 16,19 Limitations
include the lack of central pathologic review; however, it is likely that
academic pathologists at the participating institutions reviewed spec-
imens as part of clinical care. For the receptor definition, the cutoffs
used were based on each center’s standards applicable at time of
diagnosis. For estrogen receptor status during the majority of the time
frame of the study, many but not all, institutions used a threshold of
greater than 10% for a positive result. For tumor size definition, we
used cancer registry standards; however, for small tumors, tissue fixa-
tion, processing, and the rounding up or down of tumor size can affect
the reliability of tumor metrics classification, and we cannot attest to
the specific pathology practices used.45,46 Second, the classification of
treated versus nontreated was done on an ever/never basis, not ac-
counting for the impact of variability of regimens. Third, because the
study was limited to patients who presented to NCCN academic
centers, we cannot rule out a potential referral bias, which may have
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had an impact on the decision to use chemotherapy, the choice of
chemotherapy regimens, and outcomes. Fourth, we have a limited
follow-up time. Particularly in patients with HR-positive/HER2-
negative tumors, we would expect additional recurrences with longer
follow-up. However, it is unlikely that chemotherapy would have a
major impact on late recurrences, and therefore, our data are still
informative in terms of chemotherapy decision making.47 Most of the
clinical trials and meta-analyses that examined recurrence rates re-
ported 5-year recurrence rates.48 Fifth, we had more than 4,000 pa-
tients in the analytic cohort, but small numbers of patients in some
subgroups. We were unable to perform further adjustment aside from
stratification and this led to wide CIs in some of the outcomes esti-
mates; however, for the HR-positive/HER2-negative tumors, we ex-
amined the role of histologic grade on outcomes. We acknowledge
that treatment groups were not balanced. Perhaps, in light of the
changes in clinical practice over time, we had somewhat shorter
follow-up time for treated versus untreated patients in some subtypes,
which may have had an impact on our estimates of outcome. Sixth,
limiting the analyses to patients who received care for at least 365 days
at an NCCN center has the potential for selection bias; however, the
sensitivity analyses suggest that this exclusion did not have a major
influence on outcomes. Finally, this study did not have a randomized
design; therefore, comparisons between patients treated with chemo-
therapy with or without trastuzumab and patients not treated with
chemotherapy or trastuzumab and treatment time trends should be
interpreted with caution.

In conclusion, overall, women with T1a,bN0 tumors have an
excellent prognosis without chemotherapy across all subgroups. Al-
though chemotherapy with or without trastuzumab may be beneficial
in some patients, the absolute benefit for most patients with
T1a,bN0M0 is relatively small, and potential toxicities should be a
factor in treatment decisions, which ultimately should be driven by a
well-informed patient. In the long run, we need to develop better ways
to identify patients at the highest risk of recurrence while simultane-
ously trying to minimize treatment-related toxicity.
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GLOSSARY TERMS

HER2/neu (human epidermal growth factor
receptor 2): also called ErbB2. HER2/neu belongs to the epi-
dermal growth factor receptor (EGFR) family and is overex-
pressed in several solid tumors. Like EGFR, it is a tyrosine kinase
receptor whose activation leads to proliferative signals within the
cells. On activation, the human epidermal growth factor family of
receptors are known to form homodimers and heterodimers,
each with a distinct signaling activity. Because HER2 is the pre-
ferred dimerization partner when heterodimers are formed, it is
important for signaling through ligands specific for any members
of the family. It is typically overexpressed in several epithelial
tumors.

trastuzumab: a humanized anti-ErbB2 monoclonal antibody ap-
proved for treating patients whose breast cancers overexpress the ErbB2
protein or demonstrate ErbB2 gene amplification. It is currently being
tested in combination with other therapies.
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Appendix

Table A1. Breakdown of Events by Outcome

Event/Site

Patients

OS BCSS IDFS DRFSNo. %

Second primary� 158 3.8 X
Invasive ipsilateral tumor recurrence 34 0.83 X
Locoregional invasive recurrence 17 0.41 X

Chest wall 5 0.12
Ipsilateral axillary lymph nodes 8 0.19
Other locoregional lymph nodes 4 0.10

Distant recurrence 25† 0.60 X X
Liver 7 0.17
Lung 2 0.05
Other distant visceral 1 0.02
Pleural effusion 2 0.05
Distant lymph nodes 1 0.02
Bone 11 0.27
Skin 1 0.02

Other causes of death 165 4.0 X X X
Breast cancer-specific death 48 1.2 X X X X

NOTE. This breakdown of events accounted for first events. A ranking system of events was performed as follow: Breast cancer–specific death, other causes of
death, distant recurrence (brain, liver, lung, other distant visceral, pericardial effusion, intra-abdominal, pleural effusion, other distant lymph nodes, bone, skin, other),
locoregional invasive recurrence, invasive ipsilateral tumor recurrence, second primary (breast, nonbreast).

Abbreviations: BCSS, breast cancer–specific survival; DRFS, distant relapse-free survival; IDFS, invasive disease-free survival; OS, overall survival.
�Breast and nonbreast tumors included.
†Four patients in addition to these 25 patients had a distant recurrence, after a second primary/ipsilateral or locoregional event (two, liver; one, lung; and one, distant

lymph node).

Table A2. Total Number of Deaths by Subtype Among Patients Without Follow-Up at the NCCN Institution in the First 365 Days After Diagnosis

Tumor Subtype

No. of Deaths After Diagnosis

No. of Patients Who Were CensoredIn First 365 Days After the First 365 Days

HR-positive/HER2-negative 5 35 429
HR-positive/HER2-positive 0 0 35
HR-negative/HER2-positive 0 0 17
HR-negative/HER2-negative 4 9 55

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; NCCN, National Comprehensive Cancer Network.
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Table A3. Treatment Characteristics for Patients With T1a,bN0 Breast Cancer, NCCN 2000-2009

Treatment Characteristic

T1aN0 Breast Cancer T1bN0 Breast Cancer

HR-Positive/
HER2-

Negative
(n � 984)

HR-
Positive/
HER2-

Positive
(n � 135)

HR-
Negative/

HER2-
Positive
(n � 81)

HR-
Negative/

HER2-
Negative
(n � 99)

HR-Positive/
HER2-

Negative
(n � 2,246)

HR-
Positive/
HER2-

Positive
(n � 199)

HR-
Negative/

HER2-
Positive

(n � 105)

HR-
Negative/

HER2-
Negative
(n � 264)

No. % No. % No. % No. % No. % No. % No. % No. %

Definitive surgery
Mastectomy 284 29 59 44 52 64 39 39 501 22 57 29 45 43 63 24
Breast-conserving surgery 699 71 76 56 29 36 60 61 1,745 78 142 71 60 57 201 76
No definitive surgery 1 � 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Radiation therapy
No 330 34 62 46 52 64 40 40 644 29 69 35 45 43 67 25
Yes 654 66 73 54 29 36 59 60 1,602 71 130 65 60 57 197 75

Hormone therapy
No 192 20 31 23 75 93 92 93 226 10 20 10 101 96 253 96
Yes 792 80 104 77 6 7 7 7 2,020 90 179 90- 4 4 11 4

Trastuzumab
No 984 100 110 81 60 74 98 99 2,239 100 127 64 57 54 259 98
Yes 0 0 25 19 21 26 1 1 7 � 1 72 36 48 46 5 2

Chemotherapy
No 972 99 103 76 50 62 75 76 2,005 89 92 46 17 16 94 36
Yes 12 1 32 24 31 38 24 24 241 11 107 54 88 84 170 64

Type of chemotherapy
Anthracycline-containing

regimen 7 58 9 28 13 42 14 58 144 60 40 37 36 41 98 58
CMF-containing regimen 0 0 0 0 0 0 0 0 11 5 2 2 2 2 8 5
Taxane-containing

regimen 4 33 13 41 10 32 1 4 40 17 25 23 18 20 26 15
Anthracycline-containing

regimen-taxane 0 0 4 13 4 13 7 29 39 16 23 21 23 26 34 20
Single chemotherapy

agent 1 8 6 19 4 13 2 8 6 2 17 16 9 10 4 2
Other 0 0 0 0 0 0 0 0 1 � 1 0 0 0 0 0 0

Abbreviations: CMF, cyclophosphamide, methotrexate, fluorouracil; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; NCCN, National
Comprehensive Cancer Network.

Table A4. DRFS of Patients With HR-Positive/HER2-Negative T1a,bN0 Breast Cancer by Histologic Grade, NCCN 2000-2009

DRFS Grade

No Chemotherapy Chemotherapy

No. of Patients 5-Year Estimate (%) 95% CI No. of Patients 5-Year Estimate (%) 95% CI

Low-intermediate 2,485 97 96 to 97 156 95 90 to 98
High 434 94 91 to 96 92 98 91 to 99

Abbreviations: DRFS, distant relapse-free survival; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; NCCN, National Comprehensive
Cancer Network.
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Table A5. Survival Outcomes of Patients With T1a,bN0 Breast Cancer by Tumor Subtype, NCCN 2000-2009

Survival Outcome

Patients With T1aN0 Breast Cancer Patients With T1bN0 Breast Cancer

No Chemotherapy or
Trastuzumab

Chemotherapy With or
Without Trastuzumab

No Chemotherapy or
Trastuzumab

Chemotherapy With or Without
Trastuzumab

5-Year Estimate (%) 95% CI 5-Year Estimate (%) 95% CI 5-Year Estimate (%) 95% CI 5-Year Estimate (%) 95% CI

HR-positive/HER2-negative (n � 1,027) (n � 13) (n � 2,134) (n � 254)
OS 98 96 to 99 100 96 95 to 97 98 94 to 99
BCSS 100 99 to 100 100 99 99 to 100 99 96 to 100
IDFS 92 90 to 94 100 91 89 to 92 95 91 to 98
DRFS 97 96 to 98 100 95 94 to 96 96 92 to 98

HR-positive/HER2-positive (n � 105) (n � 35) (n � 89) (n � 116)
OS 95 88 to 98 100 95 88 to 98 99 91 to 100
BCSS 99 90 to 100 100 98 91 to 99 100
IDFS 86 77 to 92 100 86 76 to 92 90 81 to 95
DRFS 96 89 to 98 100 94 86 to 98 96 89 to 99

HR-negative/HER2-positive (n � 51) (n � 33) (n � 17) (n � 92)
OS 93 80 to 98 100 100 95 86 to 98
BCSS 95 82 to 99 100 100 96 89 to 99
IDFS 85 70 to 92 90 71 to 97 68 40 to 86 93 85 to 97
DRFS 93 81 to 98 100 94 63 to 99 94 85 to 97

HR-negative/HER2-negative (n � 79) (n � 27) (n � 103) (n � 183)
OS 93 84 to 97 100 87 77 to 92 94 89 to 97
BCSS 96 87 to 99 100 96 88 to 98 97 93 to 99
IDFS 85 74 to 92 91 69 to 98 78 68 to 85 86 79 to 91
DRFS 92 83 to 96 100 86 76 to 91 94 88 to 97

NOTE. Survival outcomes for all patients (including patients without follow-up at the NCCN institution in the first 365 days after diagnosis).
Abbreviations: BCSS, breast cancer–specific survival; DRFS, distant relapse-free survival; HER2, human epidermal growth factor receptor 2; HR, hormone receptor;

IDFS, invasive disease-free survival; NCCN, National Comprehensive Cancer Network; OS, overall survival.

 S
ur

vi
va

l (
pr

ob
ab

ili
ty

)

Time (years)

1.0

0.8

0.6

0.4

0.2

No. at risk
Grade 1 434 - 422 356 284 233 172 135 97 65 40 20 5
Grade 2 2,485 2,484 2,410 2,089 1,745 1,424 1,069 760 554 345 169 60 5

BA

0 2 4 631 5 7 8 9 10 11 12

 S
ur

vi
va

l (
pr

ob
ab

ili
ty

)

Time (years)

1.0

0.8

0.6

0.4

0.2

No. at risk
Grade 1 92 - 88 75 58 49 31 27 15 9 4 1 0
Grade 2 156 - 150 132 115 98 70 52 38 24 10 6 0

0 2 4 631 5 7 8 9 10 11 12

Grade
1: High
2: Low + intermediate

Grade
1: High
2: Low + intermediate

No chemotherapy or trastuzumab Chemotherapy ± trastuzumab

Fig A1. Distant relapse-free survival of patients with hormone receptor–positive/human epidermal growth factor receptor 2–negative T1a,bN0 breast cancer by
histologic grade, National Comprehensive Cancer Network, 2000 to 2009. (A) Patients who did not receive chemotherapy; (B) patients who received chemotherapy.
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